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A I R F O I L S  ATTACSED TO A FREELY FALLING BODY 

By J. G. Ba-mby and S. A. Clevenson 

Results of the first test i n  the transonic range of four  f l u t t e r  
a i r f o i l s   a t t a c h e d   t o  a f r e e l y  falU.ng b d y  me reported. 

Fai lures  of t h e   a i r f o i l s  were telemetered and recmded. These 
a i r f o i l s  were designed i n  an attempt t o  spread the range of f l u t t e r  
speeds. Telemeter  records show that three of the a i r f o i l s  failed 
a t  Mach numbers between 0.87 end 0.9 at  an a l t i t ude  of 14,000 f ee t ,  
and the four th   a i r fo i l   apparent ly  failed at a Mach number of 1.025 
at 2-900 feet above sea level. 

The telemetered frequencies were obscured so t h a t   t h e   a i r f o i l  
f a i lu re s  cannot be a t t r i b u t e d   d e f i s i t e l y   t o   f l u t t e r .  Better 
quantitative  infarmatian can be expected from improved straln- 
telemeter equipment. It appeare that the freely-falling-body 
technique  offers promise -for  determining  flutter  cha_racterietics 
i n  the transonic  range. 

IlWRODUCTIOIi 

The investigation of f l u t t e r   c h a r a c t e r i s t i c s  i n  t h e  transonic 
range la of immediate importance 13 proposed a i r c r a f t  de8ign6. 
Theory in the  transonic range is  ifmidequate a t  the present time, 
and exgeriments i n  conventional wind. tunnels i n  this range have 
severe l imitat ions.  It is therefore desirable t o  use other test 

.methods f o r  determining  the  f lut ter   character is t ics  of airfoils at 
speeds near a Mach number of unity. 
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The method employed i n  the test described i n  t h i s  report  9s an 
adaptation o f  the  freel;r-%lli~-body  technique developed and used 
by the Langley Flight Research Division of the  National Advisory 
Committee for Aeronautics for drag measurements. (See reference 1.) 
\hen applied t o  f l u t t e r   t e s t s ,   t h e  method a o m i s t s  o f  attaching th$ 
s u b j e c t   a i r f o i h   t o  a bomb-shaped b o w  and releasing the body from 
an airplane at high a l t i tude .  mring the fall,  the  snissile is 
tracked w i t h  phototheodolite  and radar equipment while other desired 
measurements are telemetered t o  a gpound receiving  station. The 
development of the straikgage $elmeter equipment by the Langley 
Instmmont ReseaiTh Division was a naceeaai.;y extension of  t h i s  
technique f o r  f lu t t e r   t e s t ing .  

The pwposee of . t h i s  repor t  were t o  describe the application 
of the freely3&licg-b& technique to t r anson ic   f l u t t e r   t e s t s  
and t o  give the results of t h e   i n i t i a l  test .  
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radius of body, 5.375 inches 

airfoil chord, inches 

airfoil length outboard of b e ,  inches 

distance of dural insert behind  leading edgs, inches ' 

chord of dural insert,  inches 

t h i c h e e s  of dwra3. inaert ,  inches 

number of chor6wise s l o t s  ' in  insert 

-dis tance of the  e l a s t i c  ax:s behind leading edge, 
percent  chord 

dlstance of center of gravity behind  leading edge, 
percent chord 

Mach number 

theoret ical  Mach nurober a t  which sonic velocity is first 
attained on the a i r f o i l  at zero l i f t  (reference 2) 
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aspect  ratio,  2 L+r 
C 

semlchord in r f ee t J  -- , (reference 3) 

nondimensional  elastic-axie  position, 

C '  

2 x 12 . .  .2 x e.&. 
100 

_. 1 
(reference 3) . 

I 

square of nondlmensianal - radjus of gyration about e l a s t i c  
I 
I 

I 
I 

second  bending  frequency,  cycles per second . 

first  torsion  frequency,  cycles  per  second 

time af te r   re lease  of missile from  airplane, seconds . 
geometric  altitude,  feet 

static pressure, pounds per square foot 

free-air  temperature, OF absolute 

t r u e   a i r  VeloCityJ miles per hour 
/ 

dynamic pressure ( @ ( v ) ~ )  , pounds per  square foot 

t rue  air  veiocity, '  feet  per second 

ca lcu la ted   f lu t te r  speed. i n  n i b s  per hour; ~ n s i o n a l  
incompressible  theory employing first bending mode and 
density a t  time of failure (reference 3) - 
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G, 
v .  

calculated  divergence sgeea i n  ratlea per hour; ~ ~ e ~ i o n a l  
incompressible themJr enploying first bending mode and 
den6ity at time of f a i l u r e  (reference 3)  

nondimensionaL fluttez* Bpeed coefficient  (reference 3) 

ApPrnTuS AXD METHODS 

~ Model 

A photograph and dimensional drawing cf the  complete model a r e  
shown f n  figures 1 and 2. It was decided t o  us8 four wings of 
d i f fe ren t   aspec t   ra t io  and properties attached t o  the same body i n  
order   to  .cover a range of conditions i n  the. first application of the 
freely-falling-body  technique t o  f lu t te r , tes t s .   In te rac t ion  of the 
airfoils was ninimized by the h igh   r ig id i ty  and large mads of the 
body. This 1300-pound miesile w m  a l s o  designed f o r  large stability 
t o  minimize the ef fec t  of en a i r f o i l  failure un t h e  r e m n i n g  wings& 

Figure 3 shows gemetr ic  properties of t he   a i r fo i l s .  I n  table I 
are L i B t e d  the  a f r f o i l  flutter p a r m t e r s .  The sec t ion   c r i t i ca l  speed 
and coordinates were obtained, from reference 2. 

Instrumentation 

Each of the fonr  airfoils was equipped with a " b m k  wtre" and 
four  s t r a in  gages. The-gages were mounted near the root  of each 
a i r f o i l   t o   r e c o r d   e i t h e r  bending OP tors iorml  s t ra ins .  Faflure of 
t h e  wing was recorded by the breaking of a break  wire. Another 
break wire was attached t o   t h e  miesile and t o  the airslane carrying 
it so t h a t   t h e  time of releaee waa recorded. A longitudinal 
accelerameter waa momted i n  the missile. Signals from the  accelew 
ometer,gagee and break wires were cambined and transmitted over 
f o m  telemeter  channel6 t o  two rece1;ring s ta t ions ,  The data were 
recoraed by an  8-channel Miller oscillograph  recorder at or10 s ta t ion  
and by ilc$lic&te l k h m n e l  Consolidated  oscillopaph  recorder6 a t  
the other. Radar and phototheodolite were a l e 0  used, 

Measurements 

Zero afr-speed f l u t t e r  p a m k t e r e  were measuPed by ground tests.  
The telernetered signale were recorded a t  both  receiving  stations 
during  the  entire  descent of thg missile. 

1 



. Free-air temperat,me and etat ic   pressure wem measured a8 a 
function of geometric  altftude By synchronizing  themaeter,  
presaure-altimater, radaz, a ~ d  photothecdolj te  ’ reahngs during  the 
descent of the airplane wMch carried the miasile. 

5 

~f3d,ucticn of mt€i 
mowing t h e   i n i t i d  airplane grovnd speed from rad.ar .data and 

using time a f t e r  re lease  atr t;?e prlrnary variable, the  telemetered 
longitudinal  acceleration curve m e  integrate& t o  g-ive the missile 
velocity.  Integra%icn of t h e  vertical component of t h e  mfssiie 
velocity gave the  gecrmstrfc a l t i t u b  of the -?niaeile. Once the path 
had  been  determined, the f r e a i r  temperature and s ta t ic ,   p ressure  
were read frcm the  air data obtatkd dwj.ng the descent of the 
airplane  to   obtain the tim history of the fdl. 

The tik at f a i l m e  of each wing wae read from the  break-wire 
telemeter  record, and the amociated  conditions vere determined from 
the time-histcry  curves. The Mach cumber was obtained from the 
veloci ty  and tempereture. Ey empfoying the general gas law the  
dess i ty  was calculated  fro= the temperature and presswe points. 

The time history of the  fall is ehown fn f i v e  4, Here the 
time variation of t h e  mssile eltttu8.e an& velocity aye plotted 
together with the free-air etat ic   pressure and temperature th&t 
correspond t o   t h e  missile geometric a l t l t ude .  Tim radai. release 
a l t i t ude  checks withAn 5 feet  the  a l t i t ude  obtained from the 
longitudinal  accaleromter by i n t e p a t i o n  of the ver t ical   accelerat ion 
compomnt t o  get   ver t ical   d is$lacemnt ,  = .  

Final r e s u l t s  are l i s t e d   i n  table II. The opening of the  
break-wire channel wa8 considered fellure of the w i n g .  ‘ 

Figure 5 shows a sanple oscillograph record from the Miller 
r e c o r b r .  There 1s noted from the strain-age  channel a frequency 
of 3 . 1  cycles  per second, probably due t o  a short  period xxillatioh 
of the missile. Tha break-wire fallures are  indicated by abrupt 
displacements of the oscillograph  curves; It is seen that wings X; 
11, m d  IU: broke off within 2 seconds of each other. €Worn the  
high-speed  Consolidate& records, it was seen t h a t  wings I, X I ,  and It1 
show a def in i te  change the charac te r i s t ics  of the  strain-gage- 
channels  coincident with the break-wire failure, while the strain- 
gage channel of wing IV opened 2.0 seconds ahead of break-wire failure. 
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The strain-gage record.6 before the  breaks were not su f f i c i en t ly  
d i s t i n c t   t o  determine  freqnencies  in the order of magnitude  expected 
f o r   f l u t t e r  frequenciea. For tha t  reason improvements of the strain- 
gage te lemeter   c i rcui t  were considered  advisable and are being mad8 
before further freely-fall ing-body  f luttel-   tests are C a r r i e &  out. 

F lu t te r   ca lcu la t ions  were made using the two-dimensional 
incmpmssible theorr  of reference 3.  In figure 6 the   var ia t ions i n  
-the ca lcu la ted   f lu t te r   coef f3c ien ts  with frequency  r8ti.o f o r  the 
f a -  a i r f o i l s  are shown. This  f igure  w a s  plotted frcm the calculations 
using t he  dens t t ies  at the   a l t i tudes   o9 , fa i lure .  

Also Bhown i n  figme 4 axe the  bending  frequency  spectrum. The 
ratfos of t h e  first and  second bendlng f requencies   to  $he to rs ion  
frequencies are indicated above' the abscissa scale. 

For purposes of pi-elirnlnary comparieon the t h e o r e t i c a l   f l u t t e r  
speeds and the   expr imenta l   resu l te  are.shown i n  figure 7. Using 
the  theory of reference 3,two"dirnensional, incompreesible f l u t t e r  
speed8 corresponCing,to f irst  mode f i u t t e r  at var ious  a l t i tudes 
were euperimposed on the missfle f l i g h t  path. No asgec t   ra t io  or 
cmpress ib i l f ty   cor rec t ions  were enqloyed i n  t h i s  preliminary 
calculation. The a i r f o i l  failure points and c r i t i c a l  Mach number 
are  also indicated an t h i s  curve. 

CONCXUDIXG REMARKS 

All the a i r f o i l s  apjgarently fa l led at supercrftlcal Mech numbers. 

The telemetered frequenclea were obscured ao that t h e  a i r f o i l  
failures' cannot be a t t r i b u t e d   d e f i n i t e l y   t o   f l u t t e r .  Better 
quant i ta t ive   f lu t tqr   charac te r fe t ice  can be expected with more 
ref fned inatrumentation. 



The freely-falling-body method with an improved telemeter 
appears t o  offer  promise for flutter t e s t s  i n  the t rmsonic  rmge. 
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3. Theodorsen, Theodore, en& Garrick, I. E. : Mechanism of Flu t t e r  - 
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Parameter 

Section 

Mcr 

C 

L 

A.R;. 

b 

a 

a + xa 

I/K (standard conditions) 

rCL2 

*hl 

fa 
. .. 

. . .. . . .  
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P m m t e r  

M 

TBA.S. 

P 

9 

l/k 

t 

h 

T 

pf3 

VF 

vD 

Airfoil number 

IV 

1.025 

7% 

0 - OOU7 

1466 

65.8 

40.24 

1 I 900 

534 

1935 

843 

ll.00 - 
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Hgure 1. - Flutter missile number 1. 
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65009 eeotion = 
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y'=Jl 2.40 0.342 

0.10 o.od .oo 
Os* O 
0.346 

0.20 0.112 4.80 0 . p  . 
0.40 0.157 5.60 0.228 
0.60 0.191 6.40 

0.0 1.60 0.298 8.00 
0.022 1.20 0.2d 7.60 
0.059 0.80 0.21 7.20 
0.144 

L.E. rad.* 0.w 
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Fig. 6 

I 

o O A  points used f o r  f i ra t  mode flutter analysis 

Bending Frequenoy speotrum 
-Wing 1- 2 1 

" -111 " 

I 0.2 0.4 0.6 0 .g 
It 
hQe rrequenoy %ti o 

1.0 

. Figure 7.- Theoretical  flutter calculations superimposed on experimental 
results to show velocity variation with altitude. 
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figure 7.-Theorectical fluttcr c a l d t i o n s  superimposed on experhenbl 
r e d t e  to show velacity  variation  with altitude. 
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